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QED FProklem 3.,
(a)

t =0:
h(r)a(~7) =0 for all 7, so y(0) = [~ h(7)a(—7)dr = 0.

t =1:
hr)z(l -7)= -2(-N=4for 0<7<1
and = 0 elsewhere.

soy(1) = [ h(r)x(l —7)dr = [ 4dr = 4.

t=2:
)22 -1)=-2(2)= -4for0< 7 <2
and =0 el sevt ‘here,

so y(2) = f —4dr = -8,

h{ ):1(2 67 T)=-22) = -4 for 0667 <71 < 1,
(2)=4dfor1 <7 <1.667,

O = —4 for 1.667 < 7 < 2.
and = 0 elsewhere.

Therefore y(2.667) = (—4)(1 — 0.667) + 4(1.667 — 1) — 4(2 — 1.667) = —8(0.333) + 4(0.666) = 0.

u7) (blue) and 2(—7) (green) h{7) (blue) and 2(1 — 7} (green)

T
[R=3

2y i - 1 7
=24 2 3 -3-2-1711 23
h(7) (blue) and 2(2 — 7) (green) h(7) (blue) and 2(2.667 — 7) (green)
2 2+
-+ 4
o =T o s — 7
C: ~3-2-11¢y 1 2 3 ~3-2-1 213
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Problem 3.10 v(t)
t<8,y(t)=0

t28,y(t)=jfdr=(t—8)

Therefore y(t)=(t-8)u(t-8)

t=8
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it K(E-T)=§1  k(Z)>. B ‘
-1 Wiz)<e Zéae:ridec/
A(t) x i (t) :jh(Z-)x(fﬁ.z) dt
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Problem 3.16 .

d)

Problem 3.17

x(1) v(r)

— i) ——=

a)x(t)=0(t),y(t)=h(t), so y(t)=x(t-9),h(t)=3(t-9)

t

b) y(t)= jx(r—g)dr,

—00

h(t) = j5(2’—9)d2‘,

if t<9,h(t)=0

if t>9, h(t)=1
Therefore h(t)=u(t-9)

t

¢) y(t)= |

—00|

t

h(t) = |

—oq

t<9,

f
i

5(t-9)

x(z—9)dz |do let x(t)=8(t)

o

x(z—9)dz da=fu(r—9)dr

h(t)=0

—00

t9, h(t):_t[da:(t—Q)

Therefore h(t)=(t-7)u(t-7)
x(t)=8(t),y(t)=h(t), so y(t)=x(t+9),h(t)=5(t+9)

Linear

a) Not time invariant

b) S(t)=sin(4t)3(t)=1 3(t)= 5(t)
C) d(t-m/2)=sindt 5(t-m/2)=sin(nw/2) d(t-1/2)=1 3(t)=1
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Problem 3.18

a)
b)
c)
d)
e)

9)
h)

Stable,casual

Not Stable,casual
Stable, not casual
Not Stable, not casual
Stable, not casual
Stable, casual

Stable, casual

Stable, casual
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yity= [Ny dr .

@) pit)= fe"‘”ﬂﬂdrr {2 i:‘; = &)
J

(b) ya , hib)=0, £<20

+
) ybﬂ fe“‘jucm)dr fe eldr
-1'( 'r] Y~ -c”)uLf:H)

= []- "'ﬁ*”]uzﬂn

A) yi2)= hit)xSHt) -het)xSt-) 1S4
= hot) kSH) - th-1YS &) = Dty - hit-))
= e typ) - e “")uubd)

€Yy yit) = ya1t) Yol [, 4

= [1-a~ "y 1) [1- et Tuet)
i) y )= «fwmu‘m = [Tl < P )dr

=f &luizh-nar- ’f & UzHndr=I-1;
I [Pe alT‘-e'T}M =[ I e"*“’]aztﬂ)
I,=c¢ I &bt = elte - leh ¥ urt
= (1-e€) )
oyit)= L= e~ it - I1- et Jutd)
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kl\Q S L'_HLE—H) ur.-u)\"w“ S Pquﬂ) < b

o e (——') ( — Slooble
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Problem 3.21
a)Not casual
b) Stable
o) X(t)=S(t—2)—25(t+2)
y(t)=x(t)*h(t)=h(t-2)-2h(t+2)

h(t)

Problem 3.22
(a) Non casual
(b) Stable

(c)
y(t)=h(t)* 5(t—3)—2h(t)* 5(t—5)=h(t—3)—2h(t-5)

=[u(t-3)—2u(t+1)+u(t-5)]-2u(t-5)—2u(t —1)+u(t—7)]
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Problem 3.23.
@ (t-1-2u(t-1-2)=(t-3)u(t-3)
(b) x(t)=1 if t>1,h(t) =1 if t>2

Problem 3.24
a) Casual since h(t)=0 when t<0
b) Stable
c) Not casual and not stable
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Provrem 3.25

(i) Characteristic cquation: s+ 3 = 0, solution s = —3
= y.(t) = Ce~u(t)
Forced response of the form: Up(t) = Pu(t) where M-{—:}Jp(f) = 3u(t)

= 04+3Pu(t)=3u(t) = P=1

y(t) = ye(t) + yp(t) = (Ce™ + Nu(t)

Need y0)=C+1=-1 = C=-2

= y(t) = (=23 + Lu(t)

This clearly satisfies the differential equation and initial conditions because
260 4 3y(t) = Ge ¥ +3(~2e"¥ +1)=3.t >0

y(O) =20 41=-1

(ii) Characteristic equation: s 4+ 3 = 0, solution s = -3
= y.(t) = Ce u(t)
Forced response of the form y,(t) = Pe~2u(t) where M-{- 3y,(t) = 3e " u(t)

= (=2P4+3P)eMu(t)= 3e~Mu(t) = P =3

Y(t) = ye(t) + 4, (t) = (Ce™3 4 3e=)u(t)

Need y(0) =C+3=2 — C =1

= y(t) = (3e>' — e 3yu(t)

This clearly satisfies the differential equation and initial conditions since
LD 4 3y(t) = (-6 4 3e-3) 4 3(Fe~2 — o=M) = -2 ¢ 5 0

y(0) = 3e=20 _ =30 _ 9

CCA—-L) Chavacten stic G‘fuca'(‘d-r\ SHi0 =20
= dott) = €@ AN
up(6) = FeS > —Pe T+ pe Tz 7" HPLY,
G = L€ % e tzo
Y (o) = Jq~+c. 2 =Cc=2-VYqa= ’—;1
soyle) =Le 4-171.@”“ = 4() =2

-t -0t
adijét) i _E:i_e = ’;OC I
. _1L st 70 /O 70 510t 5
& et qe -r— EH == l/

© Pearsgm Education Limited, 2015. T



Froslem 5-25 (Cont aleld )

(L U7) C{:Lc_wa +erstic e J,mfzavr, o) -:»654-5 O fﬁt
(5e) (e =d > yoe) = i€ HE 8

%PC@' P = 3+(afo\4~5P 10 5 P=2

o
‘a(t\ = Z +{Zl€ 4—[1 G
\édo\; 2,+C. +[1,2_--‘(—:bC + C T3
A__CL}*.E**-_\ - L[5t =05 €26,
s L
-’t st | cr = ".4"__'
VENEIFESL S > e +38
ST - /
YN[ “Z + Yy = -
1, | /
3775 i V- =56 Jui€ il
L LRt e S
(v) Characteristic equation: —0.7s + 1 =0 == s — 5= = 0. solution s = o= =10/7
== y.(t) = Ce'/%Tu(t)
Forced response of the form y,(t) = Pe3u(t) where :{g%m — By (t) = =B e3tu(t)
— 3p_lLp_ 30 Solving for P gives P — 30

11

u(t) = ye(t) + wp(t) = (Ce/*7 — (3P)e* Yu(t)

.\-C(‘dy(O) C-'I—]-—--]_=¢-C=‘—'

N— y(t) _}_l.ef/(]l _ ?0 Bf)u(f

This clearly satisfes the cliﬁ'erential equation and initial conditions since

- 1/0.T - : - T 300 o o =30 3¢
---—d'(‘f,” — o=y(t) = 2.47e!/07 - 3(:1;—?-)8‘" - 2.47et/07 4 2V = ==e
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PrRo®BLEM 3.25 (Continued)

1) | Charactenstic, Egbcc?.f‘/ﬁ’ﬂ ~10S +10S =0
B S——l :

Getey = CrE° %F(ﬁb = Ploc (66 B s
I*[Oﬁjtﬁm f) “’Pz@at\]*/O[PCoS(ﬂﬂzs‘mff‘j

FRO Cost, tzo .
= 10R 40 =0 | =) E&%:O

-—to(zH—F—*Ra -tz
| | >1>L_ INETIN
o %'(f\' C, 8 *I—Ceé»('f:\) S (£)
Ulod= Gy i =0 =2 Cl=
UV = T T Cont — i () = Yoy = -10v"
éﬁ@ = iz Jc—‘—SM(t)-—CoS(t)

M{— LOSTATE) +(0 (o5 (¢) -f-,HD’?f-IO Cos({“)
=~ JO=A (L) = ADCos(t) , tzO

(U’Mx Chavacterstic F@xaﬁéﬂ S%S+2=0=S= - '3\!;

| X W hz 3—'
Yele) = C€ 7_63_ %63 i
Ypley=p = z?:)s ———->P=3/z
%("ﬂ N 3/3 L C[e‘(!-gﬁ f/z_f_cze-(r—r-gﬁ‘)t/z
Yloy = +a,+0, =2 5+l =%
%%L@I = =2 (=37, =L (1 +4 ), = |
R I 3\/::’)02 -*A(“Jfﬂ
47 C2 = —34 |
. ) s
C= L¥iEm Da=hG =47

[
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Freo3LEM 5.15[U‘,(3/5) C'oﬂ%muecl\

| gfﬁ (% - é"gj ™ +(4+}4’Hﬁ) "{”‘ﬂﬁ
4. ? 4 C

(4 QLH‘“) “__ Ez:\) ( _i g)

o
_5__
)
g%% T Al

uo\-—__4-’-;

- 2.
ézu

© Pearson Education Limited, 2015.



_._ | T’RoRLEM 3.3

RN LaT(t) = h, ({—\x[?c({-ﬁ /12,({-)%3(%-)]
- = I () o)~ L) seho (1) %y (O

T G EARE s ha ) =556
4= e Aus ~L SOk Al g o)
O T T T s ey w a ey = W@ | ]
| o 46N = K(E) % AU(E) T G () e U () |
= RJZ\C(H!A({: "o - J%}(ﬁ)%(t )T
Yle) =_:Lgx;af\cfz* -J%f’f)é"*
@ e iR
| | a;%_@ = 2406) = Y]

\cL L+)+ Lalﬁ_\ = L(%)l
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ProBLEM| 3 41

(a) characteristic equation is 82 — 2,55 +1 — (8 —2)(s = 0.5) = 0: roots are § = 2,0.5;

s are p2f H0.5¢ :
modes are e eVt Unstable since roots > 0, and veal,

] !

(b) characteristic equation 2 + 9 (5 =35)(s+3j) =0, roots s = 3j, =35

modes e¥ =33t Unstable since real part of roots js ()
|

(roots lie on Imaginary axis).

(CJ Chamqf:;ﬁush C:{ ‘f“m{ 5'7‘4—5 55 l"“_':-_'o': -
| Yooty are s=l4, ‘31.0, Ll ]
_YWodes dave 43"4't) eb

Unstahble, | fod @=0.5¢

4> o —FOS

(@) Clz\a\rqm‘eﬁr"{fc <qu *’0’1’ +5SZ+4S+5 o

| 53-—0 Bl ‘7—&0 747 |
1 =y o 3, - 47% t
YV1CJCLE‘3 & =4, 2.2 ) é 0387 +4 O:T47.s) CiC ©,3897 ;0. 7¢>

)
<tz b le | Simce 2l Yoits hauve Yltaﬂ"ru-e real pavts.

(&Y Charectan<tic @?waf/h\ SI33 54y 4‘3 8 =0
Yoots s 2| +42, ~¢z

—42t
Modes, AL | 0#2E o

Hnot 6’&4&{{ A Yoot <o et haye nfj&‘ﬁde Yeq | pam‘s .

Gl) Clhavecteristic e émf_‘(‘%&m SB-f-»?SZv" 4£5+1b =0
YOOTs . —3.706b 0 3537_1"0’12 405Cp ol 3532‘52 4056

Waodes T @ 4 7"6‘** éo BSIE 42 4056 ) t (o 3532 772.40%)C

{/
Unstable — A oot have postive recc/ Parts
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[Prorlom 3,28

:(d,\ Stoble, Al chavacteristic yvots have Yle?q%/u-a

Yieal Parts
. (lo) Chavaectenstic e(uq‘h v SEH1L5S-| =D ||
Yoots o S=-2)

= +0.5 OO O
Dthsfa,é/e [ Yoot 1S posttive and yeal,

CQ) C.haw’acFeV stic -C?MG_YL/M 5 + 7_% =0 |
Voots 1 S= o,lsS= -2

Wtalble © Ve \mc}t*lf\a,s mwﬂ—ﬁa?éﬁw ﬂ:a/ pm%

(d) hava tevistic e Lcccl—fﬁv\ E +2:$2+8'% +32 =0
Yoots !t —2.95%9 | 0. 750 +53 2553,0. 43&0—33 2555

lnstable: ~ Yom’: houe Postﬁw\rea(q:wﬁ{—s

(€) chavactevishe eccua,hovw 5241‘3 +9S +/b =0
Yoo tts @ ~ A 3 a,? 3’15’6/— 0’[2 g 284

unstabld, | A vroot have ‘%M—Mfgafme real pavte

(‘P\ CLL&LV&CfQY[%lL('C g 4_7%571 S -f—QS +&S +8
Youwtst — A 3 giﬂ

nstable.. 2 voots hawd Ve V\f@af'li}-é real parfe
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FPRo®BLEM .24
(‘ﬂ_\ KK;\ Frow %olw’nw to j'ob“am% _2'% ‘5""3

«7e |Tode Vg E_

L) rmede s C”St, i
(id "___3=_103 “Twede e bl
i -t 5t
(e Si==y ST s Wode ave €5 — —
L L /d |
WY | BF ’,_c; I ede 15 e e
G st
(o) A = T =2 =time ]
(,u\ e St =T T =T =t e,
(D €®| =T | S5i7=/acs
(el €71°C = e 9% = 7 = Violca
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(4)

LoD [ €TP =T = Gk

€+l'ot4= 611;'( 201 /@J d
(D-Letht =it —_—>T——7(M@-Mnsfab{{ mode

The Matural vesporise  of a stable syst e
Vewches steady—stute 15 appr mately i tinte Constantts
Vo = 4T
(N 1= /504 =7 s Vs (o
D) TEHeN = TR %
(LY 7 "/@\ Tazdta) T =47 = SRP3

(VN The quf‘em ur?sf-ab/{ et w:// %ofrch Sz‘?c(;/j-sfq/‘é,

Chov. egn: SH*G =0 = S, 3, 5.= 115
ocke-;:r:heg%t/easfz 3‘ J-o2 J

the Yeal part ol e w0, Graverore
e (e constont is Padef /he }’Id'fb(‘/a,(

Yt spense 1 osc'“aﬁowj ,
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. | ProBlEM 3,60 [ |
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Froplem  3.30 (Continued)

(d) Aoy “!TC'J'(TC)\ + 0.995] Coa (327062 = O

=X w

‘ﬂjcf){ =-~100 a9 (327 16%) = 0
10] | |

—

I 1 1] .

'PRDBLEN\ BB T j

(/LJH[O\ = 9512 1.5
Yos () = HioMAUE) = (3)/2: 63 7.5

(LD HLY = 55 5 05 5 g 4 =(0.5)(3) =1.5
(B) (£ = Se%a&\ = (8= 4 |

(£) BN =X =75
s L6 A’iﬁ"Hccﬂxca =o 25)(36") =2,756'°
2(D+5 — = 3Cf 4'&
(ALY H(4)- 2 gl Yes () =
@) %(1") = SCa/J_‘f't :>S‘1 = __J,z]_

L) Hiz4) = &, =/ ’7@9&6_",
VES (€)= H(g%) 1<) = 7@8)(35 (s (4t - 45°
= 5,303 (o @t -45°)

@i Hlge)= 2148 = sp4e - ,943/-68.9°
—-/ém’-g,?-HD —@+&g/

G0 = (0,943) (3) loa (4t ~689°) =283 Go (4 -08.F)
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. _ Promism 3.32.
Vit = 2 Coa 4t = S‘—‘-é(,é{—
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R P 5( 45° = L& — [z 1[4
N | \( | / Z

_ 5 ,
2 end a=4.
vy = =i

e (e = 14142
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PeoelEm 3.3,

(A me Solutie o P}:& 1{ BIQ:{{c_ ||
| |

NEEY =[P EH ha eV LR *—l&“ g )4 4“14@)%,15@
G = he %) ¥ lolo = Hﬁ‘m-)

HSY = HhiDH () + (o) 15 5 Ha 8) + HEGYHs(s) ||

(0 From the solutien T Iroble. =. (3 ',
A EY = hibyehae) 1 ) ¥4 Q%\C}Tji—h +)a4, éu)*/q @:
E T RE @) 5 Yt W

H(sY = His)Hals) #Hils)H3(sYHq (s) He (s (ssu,s(s)

(@) From the solution G Froblew 3.2

A () = b () = X = ki) %ha (4 9 ()
Je M+ = Ao () %o ()

Hhon YO = b () [ 1) + 0]
e (= by (5 | XY 4w (5]
M) = H,(5) %,s(;g)
= Ygg(t) = Hi(YX (+) L4, (YHS (5) Yes(4)
& + HI[SBHZLSXX%SS (t) = 'H[ (6) Y(e)

Ss 5 H{(S) €\ =
Jesle) /+#I(sz(s)7<ﬂ fris) K60

_ His)
sy = PPRTHRN TS
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Promalem 3.37
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